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Abstract 
The purposes of this study are to understand mercury accumulation and diffusion based on topographic, 
sedimentologic, and biologic information obtained by acoustic equipment and an ROV after dredging in Minamata 
Bay and Yatsushiro Sea. Differences in contrast of acoustic reflections made clear the sediment distribution and the 
ROV investigation provided the vertical distribution of the biota and substrate. Rocks and blocks are distributed 
above 5 m water depth, coarse sand with rich molluscan fragments between 5 and 12m, and mud below 12m, with 
predation are distributed on 
sandy bottoms and burrows of benthic organisms on muddy bottoms. These facts suggest the possibility that a supply 
of mercury-free sediment moves from the sub-surface to the surface by burrowing, that mercury is concentrated by 
the benthos inhabiting the sediment surface, and that diffusion occurs by the predation of nekton. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Minamata disease, which is toxic to the central nervous system, is caused by the long-term 
accumulation of methyl-mercury in the body through the continuous ingestion of fish and shells 
containing high methyl-mercury concentrations. Methyl-mercury was directly discharged from a factory 
(Shin-Nippon Chisso Hiryo Co. Ltd.) to Minamata Bay through Hyakkan River from 1932 to 1958 (Fig. 
1). Because total mercury was in high concentration in the sediments and fish of Minamata Bay, the 
municipality of Kumamoto Prefecture dredged about 1.5×106 m3 of sediment containing mercury above a 
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value of 25 ppm from 1977 to 1990 to enhance environmental recovery and enclosed the bay by a net to 
prevent the fish containing high mercury from spreading [1]. The net was removed at 1997 because the 
mercury in the fish had decreased to normal values. As a result, the nekton are currently moving freely.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The amount of mercury in the sediment before the dredging occurred gradually decreased from the 
river mouth to the bay, and the values were still relatively high (up to 12ppm) after dredging [1]. The 
amount remaining in the sediment was determined by its content in a core sample 
(http://www.jsac.or.jp/tenbou/TT70/p1.pdf). However, the amount in the sediment sample collected at the 
same location in the dredged area (MIN-2and MIN-3) and the natural condition (MIN-1) in June of 2012 
and 2013 (Fig. 1) using Differential GPS with less than 0.5 m error, varies greatly (Fig. 2). The extreme 
difference of amount of mercury at the same location is a critical problem in the evaluation of the amount 
of mercury which remains. 
Possible explanations for the extreme variations in the amount of mercury at the same site are: 1) new 
sediment covering the area; 2) erosion and removal of sediment by bottom currents; and 3) disturbance by 
the benthos. The present topography of the site is uncertain in spite of the fact that a topographical map 
was published before the dredge [2]. The maximum velocity of the current below 5m of water depth in 
 
Fig. 1. Index map of the study area on Google earth. Thick and fine white lines show the net and dredged areas 
by the municipality of Kumamoto Prefecture. Small black and white squares are sampling points in this 
study. 
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the bay is less than 10 cm/s, and that is too slow to erode a muddy bottom (library.jsce.or.jp/jsce/open/ 
00035/2004/59-2/59-2-0171.pdf). 
 
 
Fig. 2.  Mercury in the sediment samples of June 2011 and 2012. 
 
Many benthos inhabit the bottom of a deep hole in the muddy substrate of Yatsushiro Sea, which is 
connected to Minamata Bay. Bio-activity is not often taken into consideration as a cause of the increase in 
mercury values determined by chemical analysis. However, since mud is distributed below 5m of water 
depth in the bay [3], the amount of mercury may be influenced by disturbance patterns of the benthos. In 
addition, mercury is carried out of the bay by fishes preying on the benthos that have accumulated 
mercury. For this reason, the topography, distribution of sediment, mercury content and benthos in the 
dredge area are required information in order to understand mercury accumulation and diffusion.  
2. Methods 
Because geographical, geological and biological information can not be acquired by a small bottom 
sampler on the rocky mounds and the coarse-grain sediment in this bay [3], and similarly, deep-dwelling 
benthos are not successfully collected by a small grab sampler, we used alternative methods to obtain 
these data in this study. Our survey used acoustic equipment, specifically interferometry side scanning 
sonar (GeoSwath+: 250KHz), to obtain data of the topograpy and sediment distribution in the 
investigation area (a distance of 4 km in E-W by 5 km in N-S) on September 3-7, 2012 and a remotely 
operated vehicle (ROV: Q·I Underwater TV System Delta-150) to collect data of the bottom surface 
conditions and benthos from September 24-26, 2012 (Fig. 3).  
Geographical and reflection intensity data were obtained by 31 traverse lines with a 50 m interval in 
the E-W direction in the bay, and NE-SW and N-S outside of the bay. The topographical map was made 
by three-dimensional visualization software (Fledermaus), based on the average water depth computed in 
the unit cell (0.2 m x 0.2 m). The Mosaic map of the side scan image was edited based on the acoustic 
reflected intensity data, which were obtained by a fixed output wave and the same filtering process.  
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To clarify the sediment distribution, the physical properties (grain size distribution, wet and dry 
density) of the sediments obtained from six sampling locations (KOJ-1, MIN-1, MIN-2, MIN-3, FUK-2 
and MOD-1; Figs. 1 and 3) and contrast in the side-scan images were compared. The video obtained by 
the ROV camera was also analyzed to explain the difference of the contrasting images. 
 
 
 
Fig. 
points in this study. 
3. Results and discussions 
The new bottom topography compiled  in this study (Fig. 4) is generally similar to the topographical 
map (Geospatial Information Authority of Japan, 1982) which was measured before the dredge project 
began. Many dredge hollows exist in the eastern and northwestern parts of Minamata Bay, except for 
Fukuro Bay. They have a similar square shape and size of 50 m in length and from 1 m to 3 m in depth. 
adjoining hollow and less than 2.5 m in depth. Thus, the dredged range and form is consistent with 
new sediment flows in from two small rivers, it does not cover the mercury-polluted strata.  
The acoustic reflection with the same wave parameters (sidescan gain: 3, power: 3, pulse length: 1 and 
ping length: 70m) is strong on rocky bottoms and weak on muddy bottoms (Fig. 5). The contrast in the 
side-scanning image is extremely strong on the mounds and coastal area, moderately strong in and around 
Modoh Bay, but weak on the bottom of Minamata and Fukuro bays and Yatsushiro Sea (Fig. 6). The 
grain size data show that sandy silt  (18.0% sand content) is distributed in Modoh Bay, silt (89% mud 
content) at KOJ-1 in Yatsushiro Sea and at FUK-2 in Fukuro Bay, and clay silt (>95% mud content) in 
MIN-1in Yatushiro Sea, and at MIN-2 and MIN-3 in Minamata Bay (Fig. 7). The video shows that rock 
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Fig. 4. Topographic map based on the Geoswath Plus (250kHz) data. 
 
 
  
Fig. 5. Difference of acoustic reflection of hard (left: rocky bottom) and soft (right: silty bottom) substrates with the same wave 
parameters on the Geoswath Plus (250kHz). 
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and blocks are distributed on the mounds and coasts of the islands, sand with many shell fragments in 
Modoh Bay, and silt with many burrows in Yatushiro Sea and Minamata Bay (Fig. 8). The difference in 
contrast reflects the sand content in the sediment, and the presence of shell material strongly influences 
this contrast. Thus, the difference in contrast reflects the sand content and shell material in the sediment. 
The reflection intensity in the study area shows that rocks and conglomerates are distributed above 5 m 
water depth, coarse sand with rich molluscan fragments between 5 and 12m, and mud below 12m (Fig. 9). 
The distribution of the biota is controlled by the substrate in the area (Fig. 9). Barnacles and soft 
corals cling to the rocks and blocks. Urchins are only found on rocky bottoms. Soft corals are able to 
inhabit hard substrates deeper than 20m of water depth inside of Minamata Bay, whereas reef corals are 
restricted to the shallow rocky bottom (near 5 m of water depth) outside of the bay (Fig. 8). 
(Fig. 8). Although the amount of mercury in the shells and sand was not investigated in the bay, the 
amount is elevated far from Minamata Bay (Tomiyase et al., 2009). The depression suggests that the 
rcury diffusion. 
 
 
Fig.6. Side-scanning image based on the Geoswath data. 
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Fig. 7. Accumulation frequency of grain diameter in six sediment samples. 
 
 
 
Fig. 8. Photographs obtaind by the ROV. Reef and soft coral on the rock off Koiji island (A), sand with many molluscan fragments 
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Fig. 9. Schematic of the vertical distribution (distance has no scale) of biota and substrate in Minamata Bay and Yatsushiro Sea. 
 
No benthos was collected in the muddy bottom in the study area by the Smith-McIntyre grab sampler 
but many burrows were recognized in the pictures obtained by the ROV. The latter show that large 
benthos inhabit the deep areas of the sediment where the sampler does not reach. The pictures show 
several ray-ingestion marks on the surface of the sand and many barnacles and soft corals on the rocks.  
4. Conclusion 
ROV investigations suggest the possibility that a supply of mercury-free sediment moves from the 
sub-surface to the surface by burrowing, that mercury is concentrated by the benthos inhabiting the 
sediment surface, and that diffusion occurs by the predation of nekton. 
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